INTRODUCTION
Ni-Mn based Heusler alloys show a broad spectrum of interesting properties like magnetic shape memory, magnetoresistance, and magnetocaloric effects. 1, 2 Depending on the composition, Ni-Mn-X (X: Al, Ga, In, Sn, Sb) Heusler alloys exhibit a first order magneto-structural transition from a low temperature martensite to a high temperature austenite state. 3 Alloys close to the stoichiometric Ni 2 MnX composition are ferromagnetic (FM), and at more rich Mn compositions, antiferromagnetic (AF) coupling between the Mn-atoms become dominant. [4] [5] [6] [7] Earlier studies have shown that offstoichiometric Ni-Mn-X Heusler alloys decompose into a nearly FM Ni 2 MnX phase and an AF NiMn matrix when temper-annealed. [8] [9] [10] [11] [12] Temper-annealing between 650 K and 750 K under a magnetic field leads to the growth of Ni 2 MnX nano-precipitates with the magnetization of the precipitate-shell being strongly pinned in the direction of the external magnetic field leading to a shell-FM structure. The shell-ferromagnetism causes a vertical shift in magnetization loops M(H) which can be observed at temperatures as high as 450 K; far above the Curie temperature T C ≈ 320 K of the FM Ni 2 MnX precipitates. On removing the field, the magnetic moments remain pinned. The pinning has been observed to be stable up to applied fields 9 T and up to the annealing temperature. This makes the effect interesting for non-volatile magnetic data storage. 8, 10 In the present study we investigate ferromagnetic resonance (FMR) and electron spin resonance (ESR) of a decomposed Ni 50.0 Mn 45.1 In 4.9 alloy to understand better the properties of the interface coupling between the shell-FM and the AF matrix.
EXPERIMENTAL
A Ni 50.0 Mn 45.1 In 4.9 alloy was prepared by arc melting under argon. The sample was then sealed in quartz tube under argon atmosphere and annealed at 1073 K for 5 days. The composition and the homogeneity of the sample were checked by energy dispersive x-ray analysis (EDX). Subsequently, the sample was ground to powder and annealed at 1073 K for another day to remove strain. The sample was then temper-annealed at 650 K in a magnetic field of 4.5 T for 1 hour in a furnace attached to a superconducting quantum interference device (SQUID) magnetometer. FMR and ESR measurements were carried out in a Varian TE102 cavity with an eigen frequency of 9.112 GHz generated by an x-band microwave bridge (Varian E102) using a Varian-E-Line ESR-spectrometer. Magnetic resonance spectra of the initial (red) and the annealed sample (blue) are shown in fig. 2 . The solid line is the spectrum for the forward field-sweep from -0.7 T to +0.7 T, and the dashed line is the reverse sweep from +0.7 T to -0.7 T. The sweep-directions are indicated by the arrows. Both spectra show ESR due to a PM phase, while the annealed sample exhibits additionally FMR and a hysteresis in the field range of -0.05 T ≤ B ≤ 0.05 T.
RESULTS

Fig
The initial sample shows only ESR at the symmetric positions 0.338±0.003 T on both sides of the origin. Also their width 0.033±0.003 T is identical for the positive and negative resonance positions. In combination with the exciting microwave frequency of 9.4630(9) GHz, the resonance field corresponds to a g-factor of 2.0003±0.003, typical for a nearly free electron. The ESR spectra for forward and reverse sweep-directions are equivalent. The broadening of the resonance can be understood to be due to a superposition of ESR from individual grains and crystallites of the polycrystalline sample, whereby the ESR positions are distributed. The intensity of the ESR is 2.5 times larger than the signal from molecular oxygen in the cavity (not shown in the spectra). Therefore, we can estimate a number of 2.5x10 18 spins in the initial sample confirming the presence of PM impurities as observed in the magnetization measurements of the initial sample. The AF resonance of Ni 50 Mn 45.1 In 4.9 occurs at higher fields that is not available for this setup. The spectra of the annealed sample (blue) exhibits both ESR and FMR. The effect from the FM phase is more dominant than that from any PM impurity phase as also observed in the magnetization. The resonance field 0.272±0.003 T is identical for positive and negative fields, and also the width 0.125±0.003 T is symmetric around zero-field. The form of the resonance represents a distribution of FMR lines representing each crystallographic orientation in the polycrystalline sample. The ESR in the annealed sample is superimposed on the FMR. The ESR field-positions and widths are, as in the initial sample, equal for negative and positive fields. The width 0.030±0.003 T is equal to that of the ESR of the initial sample, but the field position 0.320±0.003 T is shifted to lower fields. In combination with the exciting microwave frequency 9.127466(9) GHz, the resonance field corresponds to a g-factor of 2.038±0.003 which is larger than the g-factor for the initial sample. This indicates that the FM precipitates and the PM parts are interacting. The intensity of the ESR signal corresponds to 4x10 18 spins. Taking into account that the sample-volume of the initial sample is two times smaller, the number of ESR centers is reduced by the temper-annealing. The spectra of the forward (solid) and The FMR is symmetric for positive and negative fields and is independent of the direction of field-sweep except for the hysteresis observed at small fields. The ESR of the decomposed sample is shifted due to the coupling between FM and PM states. The effect of shell-ferromagnetism is expected to appear at higher resonance fields which cannot be achieved by the present setup. To detect the resonance of the shell-ferromagnet, further measurements at higher fields are in progress.
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